Extensive sampling (450 grabs) was performed all over the inner part of Puck Bay (105 km 2 area) in summers of [2007][2008][2009]. The GIS-based analysis of samples was performed to assess in detail the distribution of 32 benthic species. The minimum area of occurrence was less than 1 km 2 for Lekanosphaera rugicauda and the maximum was 83 km 2 for Cerastoderma glaucum. The material reveals that species with the pelagic larval stage were most widespread, with the least distance between individuals and the highest average density (e.g. Cerastoderma glaucum, Hydrobia ventrosa). The most isolated and the least dense species within the studied area were discretely mobile, non-larval crustaceans (e.g. Gammarus oceanicus and Lekanosphaera rugicauda), present at single sites with the largest distance from each other. We conclude that * Corresponding author e-mail: weslaw@iopan.gda.pl analysis of species distribution helps in understanding the threats to populations of marine invertebrates and marine spatial planning, through locating the isolated species and populations.
INTRODUCTION
From the nature conservation perspective, the safe population size might be expressed as a number of specimens that may successfully breed and provide a sustainable population with a safe level of genetic diversity (Norse and Crowder 2005) . Thus, species that are abundant but very dispersed (low local density), may have low breeding success and low genetic diversity -hence are prone to diseases, excessive exploitation and eventually local or regional extinction − symptoms of the Allee effect (Powles et al. 2000 , Myers et al. 1995 , Leevuen van et al. 2008 . Another critical factor for species preservation are natural or man-made barriers that may practically isolate a population, leading to a limited genetic exchange and threat of extinction. The area (space) that is available for specific species and the physical distance to the nearest neighbor (or distance to the next patch hosting this species) are important for the prognosis of the species survival. There is extensive literature on species density/area relations (see review in Brown 1984) ; for the marine realm e.g. Petitgas 1998 , Powles et al. 2000 , Sumaila 2002 , Agardy et al. 2003 and few papers on marine macrophytes (Bostrom and Bonsdorf 1997, Worm et al. 2001) .
Many marine species have the advantage of easy dispersion -their larvae and propagules are carried with sea currents and waves over the large distances, and the real physical isolation in marine environment is very rare (Agardy 2000 , Dulvy et al. 2003 . More often the lack of suitable substratum is the limiting factor for distribution, as the period of dispersal (pelagic) stage is short and failure in finding the proper habitat results in larval mortality.
Fragmentation is often reported as a major threat to habitats and populations (alterations to dispersal, isolation of subpopulations, restricted gene flow) - Zschokke et al. 2000 . On the other hand, marine studies show that small isolated patches of underwater vegetation are more diverse and faster in recolonization compared to large, continuous patches (Roberts and Poore 2005) . The species-poor Baltic Sea is inhabited by species tolerant to seasonal fluctuation in temperature (between 0 and 20°C) and regional fluctuation of salinity (0.5 to 30 PSU), and often are able to live in a wide range of seabed habitats (Bonsdorf and Pearson 1999, Włodarska-Kowalczuk et al. 2010) . There is a small number of rare species in the Baltic, and the prevalence of common, tolerant species makes the system more stable and resistant to environmental stress, e.g. warming, eutrophication (Bonsdorff and Pearson 1999 , Gray 2002 , Laine 2003 , Boero and Bonsdorff 2007 .
The inner part of the Bay of Puck is regarded as the most diverse and biologically valuable part of the Polish Marine Areas (Węsławski et al. 2009 ), protected as a NATURA 2000 area. It has the status of a Landscape Park and is considered as a key site for a number of species that are absent on the open coast (Gic- Grusza et al. 2009 ). This area is also regarded as one of the most degraded marine sites in Poland, with well documented loses in habitats and species -specifically in macrophytobenthos (Pliński and Florczyk 1984) .
The aim of the present study was to check the vulnerability of benthic species for the area loss (due to human expansion in Puck Bay and physical alterations of the seabed). We assumed that a marine benthic species is under threat when: -its population is small (low density, rare occurrence); -its population is spatially limited (e.g. to a specific, rare, isolated habitat); -its population is dispersed and of low density, specimens may have problems in finding partners. Three hypotheses were tested: 1) The largest, continuous areas of occurrence are among species that have larval dispersal. 2) The smallest and patchy areas of occurrence are typical of species with limited mobility and direct development. 3) Species density is positively related to the area of occurrence and distribution continuity.
MATERIALS AND METHODS
The study area covers the inner part of the Bay of Puck (105 km 2 ), and this is probably the most extensively studied marine (brackish) area in Poland, with history of research back to the 19 th century (Fig.  1) . The review of physical conditions, fauna and habitats of the study site are available via web page (http://iopan.gda.pl/hm/atlas/Atlas_all.pdf) of the "Atlas of seabed habitats of Polish Marine Areas (Gic- Grusza et al. 2009 Mobility of animals was assessed as: sessile (permanently sessile and practically not covering distances over 1 m in their adult life time), discretely mobile (animals that can swim or walk short distances, generally living semi-sedentary life) and mobile (animals that can actively walk or swim as a part of their normal behavior). Distances between sites were calculated considering coastline and sandy inlets in order to present a realistic distance to be covered by an organism. Distances for species were presented as percent of the longest obtained distance, not in actual km, in order to standardize the scale among species.
RESULTS
Thirty two macrozoobenthos species included in the present study were divided into breeding/ mobility types, and for each species the mean density and area of occurrence in the Bay were presented (Table 1) . Furthermore, the mean distance between two sites where species "a" was present was calculated. Since such distance depends on the grid density and distribution of sites, it is not presented in absolute units (meters, kilometers) but as a percent of the maximum distance measured between two sites with the same species in the area. The maximum value (13 km, considered as 100%) was found for Gammarus oceanicus (Table 1) . The presence of this species was recorded within the longest distance. The density of G. oceanicus was well above 80 ind. m -2 but the area of its occurrence was among the three smallest areas on the species list (2 km 2 ), a smaller area of occurrence was found for Lekanosphaera rugicauda (1 km 2 ), yet it was of medium density (107 ind. m -2 ). The most widespread species (bivalves Cerastoderma glaucum, Macoma balthica, two snails Hydrobia ulvae, H. ventrosa and polychaete Hediste diversicolor) were all above 50 km 2 of occurrence, with the smallest distance to the nearest neighbor (within the range of 500 m, i.e. 4 to 7% of the maximum distance -Gammarus oceanicus) - Table 1 .
The distribution of distances to the first and second neighbor is presented in Fig. 2 . For the group of larval species, almost all curves are close to each other and there are no outliers − most species are within a close distance to the first and next nearest neighbor. The group of non-larval species is characterized by large dispersal of occurrence, especially for the second nearest neighbor (Fig. 2) .
The correlation between features presented in Table 2 indicates the strongest link between density Table 1 Statistics of mean density, the first and the second Nearest Neighbor Distance for taxa and the distance to the nearest neighbor (species with larval development are wide spread and present higher density compared to non-larval ones). The differences between means are quite large. The mean density for non-larval species (121 ind. m -2 ) was significantly lower compared to larval species (388 ind. m -2 ). The statistical correlation between density and the nearest neighbor distance was weak (p=0.069) in the case of larval species, while such correlation between density and non-larval species was not significant (p=0.495). Species with good dispersal ability (larval) were distributed more evenly all over the area with no isolated sites of occurrence. Species with weak dispersal ability were spatially more isolated − the distance to the second nearest neighbor was particularly long. The nearest neighbor distance was different among sibling crustacean species -species from genera Gammarus, Idothea, Corophium have different patterns (Table 1) . There were no singletons (species that were represented in the collection by single specimens found at one site only), and the smallest number of specimens per species was found for a small crab Rhithropanopeus harrisi -5 individuals only. 
DISCUSSION
The first assumption (larval species will have the largest area of occurrence and density) holds truesix out of seven most dispersed species (over 50 km 2 of occurrence) have larval development and are sessile or discretely mobile (Hydrobia spp., Theodoxus fluviatilis, Hediste diversicolor, Cerastoderma glaucum, Macoma balthica), and only one belongs to the other group (Idotea chelipes). Those species are known from Polish EEZ as most common and widely dispersed on a large scale (Warzocha 1995 , Glockin and Zettler 2008 , Węsławski et al. 2009 ) and are also generalists found in all regional seabed habitats (Włodarska-Kowalczuk et al. 2010) .
The second assumption that limited mobility and non-larval development will result in patchy distribution and small area of occurrence is likely supported, as all five species with the most patchy occurrence (distance to the nearest neighbor over 25% of the maximum distance) are non-larval with limited mobility Gammarus salinus, G. zaddachi, Heterotanais oerstedi, Lekanosphaera rugicauda, Idotea granulosa. The best mobility is observed among gammarid amphipods in this group, yet they are not likely to cover big distances in their life time (Tzvetkova 1975) . Three of the above-mentioned species (Heterotanais, Lekanosphaera and Idotea) belong to the habitat-specific group -associated with the phytal zone of higher plants (Zostera, Ruppia, Potamogeton) -Włodarska- Kowalczuk et al. 2010 .
Some species were certainly inadequately sampled as our sampling methods were not appropriate to catch a relatively large, mobile crustaceans, like shrimps (Palaemon adspersus, Palaemon elegans) and crab Rhithropanopeus harrisi -a fairly common species in the area (Jażdżewski 1973 , Janas et al. 2004 . Some species that hide under hard substrates (Grzelak and Kukliński 2010) or are able to escape from a gear (fast swimming gammarids) were certainly sampled inadequately. The rarity of G. oceanicus presented in this study may mean that the species is rare and lives in separate locations in the area, yet it may also prove shortcomings of the sampling site distribution in the Bay. The status of Gammarus sp. in the Bay of Puck indicates that at least two species (G. locusta and G. inaequicauda) were rare and found at single locations only, and generally gammarids were associated with diversified, often stony and biogenic substrates (Jażdżewski 1973, Jęczmień and Szaniawska 2000) . Another example of species that are easy to miss is a minute nudibranch (Alderia modesta) found few times near one locality at Hel Peninsula and another one − on the other side of the bay on blue shells (Dziubińska 2011 , Smoła 2012 .
As the study area is under the increasing pressure from industry (Węsławski et al. 2010 , Andrulewicz et al. 2012 and is protected as a NATURA 2000 site (habitat and bird directive), the question "What is the threat of area loss for species living there?" remains valid. The problem of habitat loss in the same area was evaluated by Włodarska-Kowalczuk et al. 2010 , with the main conclusion that the loss of one out of three main seabed habitats (sandy, sandy with vegetation cover and stony bottom) may result in the species richness loss of 9 to 13% (op. cit). This is due to rather low species diversity, and an eurytopic, opportunistic species set, typical of brackish waters, and the Baltic in particular (Elmgren and Hill 1997, Bonsdorff 2006) .
Regardless of the habitat loss, the loss of space itself may pose a problem for the survival of some species (those with low abundance, patchy distribution and limited dispersal abilities). Defining a minimal size that maintains a set of populations in the sea was discussed in many papers. The extreme size of a Marine Protected Area was proposed as 50 to 90% of a given habitat (Boersma de and Parrish 1999), while according to Roberts and Poore (2005) and Mokievsky (2009) , most of the areas are below 16 km 2 (medium size) and 100 km 2 for seabirds (Skov et al. 2007 ). The critical density for many marine invertebrates is over 1 ind. per square meter (a distance providing a possibility to find a partner, fertilize eggs) - Levitan (1991) .
The objective of MPA planning is to ensure the minimum area that permits to preserve the maximum number of habitats and species (populations) (Agardy 2000, Boersma de and Parrish 1999) . Selection of MPA is often driven by factors such as isolation and easiness of protection of certain areas (lagoons, small bays, offshore islands etc.) that may lead to protection of isolated genetic lines/populations. In such localities, weak hydrodynamic forces may inhibit the potential of larval dispersal (Bell and Okamura 2005) , which is likely the case of semi enclosed bays like our study area.
Detrimental change in the seagrass (and vegetation) cover of the seabed in Puck Bay that followed the eutrophication and industrial disturbance -dredging pits (Pliński and Florczyk 1984, Szymelfenig et al. 2006) contributed to increased patchiness and fragmentation of the system compared to the previous state. At the same time, the number of species and general benthic biomass increased (Osowiecki 2000) , which might be a positive effect of habitat fragmentation. In shallow water, the number of small vegetation patches (a larger edge/center ratio) may efficiently attenuate the water flow, catch sediment and affect the larval settlement better than a single large patch (Bologna and Heck 2002) . Certain taxa show affinity to small, isolated patches of seagrass (Healey and Hovel 2004) , hence patchy, mosaic habitats are often richer compared to contiguous ones (Roberts and Poore 2005) . According to the "nearest refugee hypothesis" presented by Virnstein and Curran 1986 , isolated (several meters apart), small patches of seagrass provide better shelter for fish and crustaceans, as a "nearest refugee hypothesis ".
The hypotheses on the relation between the mode of dispersal and the occurrence were not rejected, while the relation between the dispersal mode and density was not conclusive. We may conclude, that the character of local benthic species distribution and the mode of life make the species fairly resistant to the threat of area and habitat loss. Special attention shall be given to species with limited mobility, lack of pelagic propagules, low density and dispersed occurrence. The protection of seabed habitats shall be supported by the detailed spatial information, as it was proposed in the ICES document (2011), for the sake of seascape and naturalness protection.
